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INTRODUCTION 

This report describes the work accomplished on the program 
conducted by Vickers Incorporated under NASA Contract NAS 3-2550 
from January 11, 1963 to February 15, 1963- The objectives of this 
program are to conduct an engineering study culminating i n  the design 
of an electrical power generation system operating on hydrogen and oxygen 
in  a space environment, and to conduct preliminary testing on critical 
system components 

PROGRAM SCHEDULE 

The program schedule is shown in Figure 1. A f t e r  a 4 w eeksq 
delay engineering work was resumed January 11, 1963, when a contract 
change provided the additional funds required to continue the program. 
The  schedule has been revised to account for this delay and also has been 
extended to take advantage of a 30 day extension which was agreed to by 
NASA and Vickers personnel January 17, 1963. Slippage of the original 
test schedule has occurred due to an unanticipated amount of rework re- 
quired during assembly of the compressor, engine and injector. It is 
expected that completion of the program can be accomplished in  accor- 
dance m t h  the revised schedule shown i n  Figure 1, 

PARAMETRIC STUDIES 

An analysis of a variable admission cycle using the dual poppet 
hydrogen valve was undertaken during this report period. The results are 
shown in Figures 2 and 3. The assumptions used and some sample 
calculations are given in  Appendix 1. This cycle presents a consideiTable 
improvement in performance over the comparable cycle using a single 
variable phase valve, This improvement is due to the elimination of 
compression loss which occurred on early opening of the single valve. 

A 400 valve duration was chosen since this will give from full 
throttling (no admission) to f u l l  power by phasing only one valve. Valves 
would be sized so that no appreciable pressure drop occurred between 1% 
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and 10% admission. This would give 170 of cam angle to phase down to 
full throttling. While a sinusoidal valve lift curve was assumed, in 
practice a very gradual opening curve and a sharp cut-off would probably 
be used for more linear valve control. This system has great inherent 
flexibility . 

Engine displacements of 3.0 in and 4.0 in  are shown. The 
3 . 0  in engine is more directly comparable to the 2.77 in 
a single poppet valve, shown as dashed lines in Figure 2. For  the mis-  
sion profile under consideration, the 4.0 in  engine will probably yield 
a lower system weight. 

engine using 

COMPONENT DESIGN STUDIES 

Little work was done on component design studies during this 
time period due to the unavailability of the design staff personnel. 
Present plans are to design an engine using the dual poppet hydrogen 
valve concept operating on the cycle discussed above under parametric 
studies, A single stage hydrogen compressor and a double stage oxygen 
compressor (similar in design concept to the hydrogen compressor now 
being tested) will be incorporated into the system. 

Some preliminary analysis has been done on engine balancing 
and vibration isolation, compressor sizing, and engine-hydrogen com- 
pressor  heat transfer. It appears possible from a thermal insulation 
standpoint to incorporate the hydrogen compressor as an integral part 
of the engine, using the compressor piston as a balance piston. This 
configuration will be investigated as an alternate design concept. Most 
of the design effort will be concentrated on a conventional engine using 
a counterweighted crankshaft and tuned mounts. 

CONTROLS 

Work is continuing on pilot control and override methods and 
a final control schematic. 
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ELECTRICAL 

No further effort has been expended on the electrical system 
during this report period, 

RELIABILITY 

No work has been done on reliability during this report period. 

COMPONENT TESTING 

Experimental Compressor 

T 

II 

m 
IV 

De siqn 

A.  Initial Design - Complete 

B. Re-design 
Grooves for  all Teflon coated metal "O"-ring seals have been 
changed from a "V" to a rectangular cross-section. This will 
provide proper "crush" on the metal '?O"-ring seals. 

A floating pin with Teflon filled bronze bearing pin joint has 
been designed as a back-up to the Bendix flex pivot (see Figure 
4), New endurance Life data received from this flex pivot 
vendor indicates inadequate life capacity in  the present design. 
The present configuration does not allow room for a larger 
flex pivot, 

Detailing - Complete except for future changes. 

Fabrication - Complete 

Assemblv and Bench Checkout - Complete 

Figure 5 is a photograph of the compressor component parts and 
sub assemblies. The compressor was assembled (except for metal 
"0"-rings) and was  bench mounted during the week ending 1-20-63 
(see Figure 6)? Assembly with metal "O"-rings w a s  completed 
during the week ending 2 - 1 7  -63 
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V Test Facilities - Complete 

Figure 7 is a photograph of compressor and the complete test circuit, 
Figure 8 is a photograph of the controlpanel and instrumentation 
inside control room. Plumbing of the test circuit and the attach- 
ment of instrumentation will be completed during the week ending 
2 -27 -63 e 

W Preliminarv Tests on Nitrogen 

A.  Mechanical Function Checkout of Compressor and Compressor Drive 
Complete 1-27-63 

The compressor was  run without heads for approximately 10 minutes 
as the speed was gradually increased from 100 RPM to 750 RPM, 
Both the compressor and the drive functioned satisfactorily. The 
test caused no visible change to any of the compressor parts ex- 
cept that some of the rods in  the drive cage had taken a slight "S" 
bend set, The braze assembly was a few thousandths of an inch 
out of line before assembly and it is not known whether this initial 
misalignment o r  compressor operation caused the rod to bend. 
The rods have been straightened and the assembly will be re-used 
and inspected. The rod cage has been re-brazed in  an improved 
braze fixture. 

B. Facilities -. Checkout and Trial Run 

This phase of testing was  started during the week ending 2-17-63 
and is scheduled for completion during the week ending 2 -24 -63, 

During these tes ts  the following will be accomplished: 

i ~ 
- I e s ~  u p t ~  ------A2-- aLlull tnrhninnos Lbba.aaAy--- w i l l  .. --- he learned and an operation 
procedure written. 

2. The test circuit will be modified and leak-sealed if necessary, 

3. The actual compression ratio will periodically be compared with 
the expected value to determine whether o r  not the rings are 
wearing in properly. The cylinder bore finish will be roughened, 
if necessary, for proper ring seating. 
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C, Inspection 

The compressor will be disassembled and inspected for wear, 
galling, pitting, etc. 
deemed necessary, 

and micro-photographs will be taken where 

VII Performance Tes ts  with Hvdrogen 

Performance tests will begin during the week ending February 24, 
1963 Test effort has been previously described, Performance 
tests are scheduled for  completion on March 15, 1963. 

Experimental Regenerator 

I 

ll 

m 
pv 

V 

VI 

m 

Design - Complete 

Detailing - Complete 

Fabrication and Procurement - Complete 

Assemblv and CheckoJ- -, Complete 

Figure 9 is a photograph of regenerator components and the core 
sub -assembly. 

Tes t  Facilities 

The test facilities are being fabricated and will be completed by 
2-24 -63, 

Pre l imi ja ry  Tes ts  

The proof pressure test (2250 psi  with solvent) and helium leak test 
(300 psi) of the H side of the regenerator will be completed during 

2 
La- - -----.a- ..-A<-- r) Q A  
LllC W C C h  c l l u ~ l l ~  & -ax - 63 ., 

- ~ _ _ _  Performance Tes ts  

A ,  Pressure  Drop 

The pressure drop of the hydrogen side of the regenerator will be 
determined with nitrogen for different discharge pressures" Per - 
f o r m a x e  tests will be completed by February 24, 1963, 
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B. Calibration - Start  March 15, 1963 

After sufficient engine tes ts  to determine the maximum 
achievable O/F ratio have been performed, the regenerator 
will be run in  conjunction with the engine to determine film 
coefficients, approach temperatures, and icing characteristics, 
at different engine power levels. 

Experimental Encine 

1 Design - Complete 

II Detailing - Complete 

DI Fabrication - Complete 

I V  Assemblv and Bench Checkout - Complete 

V Tes t  Facilities - Complete 

Component parts for the balance pressure pick-up oscilloscope 
readout have been fabricated. 

VI Preliminary Tests 

The following preliminary tests are planned: 

A ,  Run-in by motoring the engine hydraulically. 
B, Preliminary engine break-in tests using an O/F ratio of 1 to 

check design and mechanical integrity. 
C Checkout balance pressure pick-up readout system. 

Preliminary tests will be completed by February 24, 1963, 

VII Performance Testing 

Performance tes ts  will start during the week ending 2-24-63. 
The test schedule has  been described in previous reports. Tests 
with the regenerator will begin on 3-15-63, at which time com- 
pressor  testing will be complete and the liquid nitrogen cooler 
will be moved to the engine test cell. 
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Experiment a1 Oxvgen In iec to r 

T 

TI 

III 

N 

V 

Design - Complete 

Qetailinq - Complete 

Fabrication and Procurement - Complete 

Facilities - Complete 

Assemblv and Tes t  

Two injectors have been assembled. Figure 10 is a photo of injector 
parts. One injector was installed on the engine and the other one 
was mounted on the injec:Jr test stand. Considerable rework was 
necessary during assembly to make parts f i t  and function properly. 
While adjusting valve phasing on the engine an unaccounted for loss 
of poppet lift of approximately .003” was discovered. By analysis 
i t  was found that the lower lift was caused by an initial quill shaft 
deflection of approximately 0.370 due to excessive force by the 
poppet hold-down spring. The condition was corrected by reducing 
the thickness of the poppet hold-down spring. Testing of both 
injectors will s ta r t  during the week ending 2-24-63. 
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APPENDIX "A '' 

CYCLE ANALYSIS - 
DUAL POPPET HYDROGEN VALVE 
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